Introduction {#Sec1}
============

The research for polymeric drug delivery has been progressed for a long time since 1980's \[[@CR1]--[@CR4]\]. The searches for new drug delivery systems approach and new modes of action represent one of the frontier research areas. Those involve multi-disciplinary scientific approaches to provide major advances in an improving therapeutic index and bioavailability at the specific delivery of drugs \[[@CR5], [@CR6]\]. Drug delivery system combines one or more traditional drug delivery systems with engineered technologies. The systems create the ability to specifically targeting point where a drug has released in the body and/or the rate at which it has released.

Biodegradable and bio-absorbable polymers make the magic possible choice for lot of new drug delivery systems. The bio-absorbable polymers like hydrogels such as poly (lactic acid) and poly (glycolic acid), and their copolymers have used to create the delivery component of the systems \[[@CR7], [@CR8]\]. Whether the drug delivery system relies on a biodegradable implant to deliver medicine subcutaneously or deep within the body, the biodegradable and bio-absorbable polymers provide a safe framework for delivering medicine without harm to the body.

Polymeric drug delivery system has defined as a formulation or a device that enables the introduction of a therapeutic substance into the body. It improves its safety and efficacy by controlling the rate, time, and place of release of drugs in the body. Drug delivery has achieved great development in the last two decades, but it remains a difficult task to regulate drug entry into the body such as brain. However, recent progress in studies of the carrier-mediated transportation of nano-drug delivery system across the blood-brain barrier is beginning to provide a rational basis for controlling drug distribution to the brain. The transport systems at the blood-brain barrier are the uptake transporters for natural nutrients such as amino acid, peptide, hexose, mono-carboxylate and stem cells \[[@CR9]--[@CR11]\].

The present paper has been reviewed for the polymeric drug and gene delivery systems of natural and synthetic polymers to formulate drugs into the backbone structures in various cases. The future prospects of the research for practical applications has been also proposed for the development in the fields.

Natural polymers for drug delivery {#Sec2}
----------------------------------

### Arginine derivatives {#Sec3}

Arginine, also known as [l]{.smallcaps}-arginine, is α-amino acid that uses in the biosynthesis of proteins \[[@CR12]\]. It contains α-amino group, α-carboxylic acid group, and a side chain consisting of a 3-carbon aliphatic straight chain ending in a guanidino group as shown in Fig. [1](#Fig1){ref-type="fig"}. At physiological pH, the carboxylic acid is deprotonated (−COO^−^), the amino group is protonated (−NH~3~^+^), and the guanidino group is protonated to give the guanidinium form (−C-(NH~2~)~2~^+^), making arginine a charged aliphatic amino acid \[[@CR13]\]. The amino acid side-chain of arginine consists of a 3-carbon aliphatic straight chain, the distal end of which is capped by a guanidinium group, which has a pK~a~ of 12.48. It is therefore always protonated and positively charged at physiological pH. Because of the conjugation between the double bond and the nitrogen lone pairs, the positive charge is delocalized, enabling the formation of multiple hydrogen bonds in the chemical structures \[[@CR14]\]. Fig. 1The delocalization of charge in guanidinium group of [l]{.smallcaps}-arginine for polymeric drug delivery systems

### Chitosan derivatives {#Sec4}

Chitosan is one of cationic polysaccharides derived from the natural chitin.

As a cationic polymer with favorable property, it has been widely used to form polyelectrolyte complexes with polyanions for drug delivery \[[@CR15], [@CR16]\]. Chitosan is a linear copolymer composed by glucosamine and *N*-acteyl glucosamine units, via β-(1, 4) linkages, namely 2-amino-2-deoxy-β-d-glucan (Fig. [2](#Fig2){ref-type="fig"}a). Chitosan is the product of the deacetylation reaction of chitin (2-acetamido-2-deoxy-β-d-glucan). It has favorable biological properties such as nontoxicity, muco-adhesiveness, biocompatibility and the biodegradability \[[@CR17]--[@CR19]\]. The aqueous derivatives of chitosan such as chitosan salts (Fig. [2](#Fig2){ref-type="fig"}b), zwitterionic chitosan, and chitosan oligomers have drawn increasing attention due to their water-solubility for biomedical applications \[[@CR20]--[@CR23]\]. Fig. 2The chemical structures of chitosan (**a**) and chitosan salts (**b**)

### Cyclodextrin derivatives {#Sec5}

Cyclodextrin is a family of cyclic oligosaccharides composed of *α* (1, 4) linked glucopyranose subunits. Cyclodextrin is useful molecular chelating agent. There are three types of cyclodextrins in the nature. Those are named *α* (6 units), *β* (7 units) and *γ*-cyclodextrins (8 units) as shown in Fig. [3](#Fig3){ref-type="fig"}. *β*-Cyclodextrin is ideal for drug delivery due to the cavity size, efficiency drug complexation and loading, availability and relatively low cost \[[@CR24]\]. An example of cyclodextrin in drug delivery system is 2-hydroxylpropyl derivate, which is a powerful solubilizer, and has a hydrophilic chain outside and a hydrophobic chain inside \[[@CR25]\]. They are able to prevent the drug degradation and to improve the drug stability and solubility resulting on a higher bioavailability \[[@CR26], [@CR27]\]. Those are very useful for polymeric drug delivery systems for practical applications. Fig. 3The chemical structure of the three main types of cyclodextrin (CD) for polymeric drug delivery systems

### Poly (glycolic acid), poly (lactic acid), and hyaluronic acid {#Sec6}

Glycolic acid is a useful intermediate for organic synthesis, in a range of reactions, including oxidation-reduction, esterification, and long chain polymerization. It has used as a monomer in the preparation of polyglycolic acid and other biocompatible copolymers. Two molecules of lactic acid have dehydrated to the lactone lactide. In the presence of catalysts, lactides polymerize to either atactic or syndiotactic polylactide which are biodegradable polyesters \[[@CR28]\]. Glycolic acid and lactic acid have employed in pharmaceutical technology to produce water-soluble glycolate and lactate from otherwise-insoluble active ingredients. They have found further to use in drug delivery, topical preparations, and cosmetics to adjust acidity and for its disinfectant and keratolytic properties \[[@CR29], [@CR30]\]. Hyaluronic acid, which is a natural polymer, has the ability to target the CD44 over expressing cancer cells.

### Polysaccharides {#Sec7}

Natural polymers have been in use for many years with the aim of facilitating the efficiency of drugs and their delivery. Biodegradable polymers are widely being studied as a potential carrier material for specific drug delivery because of their non-toxic, biocompatible nature. Natural polysaccharides have investigated for application in drug delivery industry as well as in biomedical fields. Modified polymer has found its application as a support material for gene delivery, cell culture, and tissue engineering. Nowadays, natural polymers have modified to obtain novel biomaterials for controlled drug delivery applications.

Polysaccharides are long chains of carbohydrate molecules, specifically polymeric carbohydrates composed of monosaccharide units bound together by glycosidic linkages as shown in Fig. [4](#Fig4){ref-type="fig"}. This carbohydrate can react with water-hydrolysis using amylase enzymes at catalyst, which produces constituent sugars (monosaccharides or oligosaccharides). Natural saccharides are generally of simple carbohydrates called monosaccharides with general formula (CH~2~O)~*n*~ where *n* is three or more. Examples of monosaccharides are glucose, fructose, and glyceraldehyde \[[@CR31]\]. Those natural polymers have used as biomaterials for drug delivery systems. Starch is a glucose polymer in which glucopyranose units have bonded by *alpha*-linkages. It has made up of a mixture of amylose and amylopectin. Amylose consists of a linear chain of several hundred glucose molecules and amylopectin is a branched molecule made of several thousand glucose units \[[@CR32]\]. Fig. 4Amylose is a linear polymer of glucose mainly linked with α (1 → 4) bonds. It is one of the two components of starch polymer

Synthetic polymers for drug delivery systems {#Sec8}
--------------------------------------------

### Poly(2-hydroxyethyl methacrylate) {#Sec9}

Poly(2-hydroxyethyl methacrylate) \[poly (HEMA)\] is a polymer that forms a hydrogel in water or aqueous solution \[[@CR33]\]. Poly (PHEMA) hydrogel for intraocular lens material was synthesized by solution polymerization using 2-hydroxyethyl methacrylate (HEMA) as raw material, azobisisobutyronitrile (AIBN), ammonium persulfate or sodium pyrosulfite (APS/SMBS) as catalyst, and ethyleneglycoldimethacrylate (EGDMA) or triethyleneglycoldimethacrylate (TEGDMA) as cross-linking additive \[[@CR34]\]. Poly (HEMA) is commonly used to coat cell culture flasks in order to prevent cell adhesion and induce spheroid formation, particularly in cancer research. Older alternatives to pHEMA include agar and agarose gels \[[@CR35], [@CR36]\]. Equilibrium swelling, structural characterization and solute transports in swollen poly (HEMA) gels cross-linked with tripropyleneglycol diacrylate (TPGDA) were investigated for a wide range of TPGDA concentrations for drug delivery systems \[[@CR37]\]. The physical and chemical properties of pilocarpine from poly (HEMA) hydrogels were investigated to elucidate the mechanism of drug--polymer interaction and the effect on drug release behavior of controlled release polymeric devices \[[@CR38]\]. Poly (HEMA) hydrogels are widely used for biomedical implants. The extreme hydrophilicity of poly (HEMA) confers resistance to protein fouling, making it a strong candidate coating for ventricular catheters \[[@CR39]\].

### Poly(N-isopropyl acrylamide)s {#Sec10}

Aqueous solution of poly(N-isopropyl acrylamide) (PNIPAAm) shows a lower critical solution temperature (LCST). The temperature-responsive polymer has investigated in the 1960's \[[@CR40]\]. They have established 32 C as the LCST of thermos-sensitive poly(N-isopropyl arylamide). The thermodynamic property of the system has evaluated from the phase diagram and the heat absorbed during phase separation by entropy effect \[[@CR41]\]. The process of free radical polymerization for a single type of monomer, in this case of *N*-isopropyl-acrylamide, find to form the polymer known as a homo-polymerization. The initiator of azobisisobutyronitrile (AIBN) has commonly used in radical polymerization.

![](40824_2020_190_Figa_HTML){#MO5}

Thermo-responsive polymers have attracted much attention because of their potential biological and medical applications such as drug and gene delivery \[[@CR42]--[@CR44]\]. The swelling of cross-linked poly(*N*, *N*′-alkyl substituted acrylamides) in water was studied in relation to temperature changes. The thermo-sensitivity of water swelling has attributed to the delicate hydrophilic/hydrophobic balance of polymer chains and has affected by the size, configuration, and mobility of alkyl side-chain groups \[[@CR45]\].

The cell culture surface of the polymer has readily prepared by the technique reversibly into hydrophilic and hydrophobic coatings of PNIPAAm-grafted polymers \[[@CR46]\]. Temperature/pH sensitive hydrogels were prepared by copolymerizing N-isopropyl acrylamide (NIPAAm) and acrylic acid (AAc) \[[@CR47]\]. The influence of polyelectrolyte on the LCST of temperature/pH sensitive hydrogels had investigated in the pH range of swelling ratio. The swelling ratio of the hydrogels in the presence of poly (allyl amine) (PAA) as a polyelectrolyte was also measured at the same conditions \[[@CR48]\]. It has briefly discussed about the tumor micro-environmental responsive nano-particles in situ stimuli responsive such as pH, redox responsive, hypoxia sensitive, etc.

### Poly (ethylenimine)s {#Sec11}

Linear poly (ethylenimine)(PEI) is soluble in hot water, at low pH, ethanol or chloroform. They are insoluble in cold water, acetone, benzene, and ethyl ether. Branched PEI has synthesized by the ring opening polymerization of aziridine as shown in Fig. [5](#Fig5){ref-type="fig"}. Linear PEI is available by post-modification of other polymers like poly (2-oxazolines) or *N*-substituted polyaziridines \[[@CR49]\]. Linear PEI was synthesized by the hydrolysis of poly (2-ethyl-2-oxazoline) \[[@CR50], [@CR51]\]. Fig. 5The chemical structure of poly (ethylenimine) s for polymeric drug delivery

### Poly(N-(2-hydroxypropyl) methacrylamide)s {#Sec12}

Degradable diblock and multiblock (tetrablock and hexablock) N-(2-hydroxypropyl) methacrylamide (HPMA) copolymer-gemcitabine (GEM) and -paclitaxel (PTX) conjugates had synthesized by reversible addition-fragmentation chain-transter (RAFT) copolymerization followed by click reaction for preclinical investigation \[[@CR52]\]. Poly (HPMA) copolymer-cytarabine and GDC-0980 conjugates were synthesized. In vitro studies demonstrated that both conjugates had potent cytotoxicity and their combination showed strong synergy, suggesting a potential chemotherapeutic strategy \[[@CR53]\]. Telechelic water-soluble HPMA copolymers and HPMA copolymer-doxorubicin (DOX) conjugates had synthesized by RAFT polymerization mediated by a new bi-functional chain transfer agent that contained an enzymatically degradable oligopeptide sequence \[[@CR54], [@CR55]\].

### Dendritic polymers {#Sec13}

Dendritic polymers are highly branched polymers with controllable structures, which possess a large population of terminal functional groups, low solution or melt viscosity, and good solubility. Their size, degree of branching and functionality can be controlled and adjusted through the synthetic procedures. The research of dendrimer has increased on the design and synthesis of biocompatible dendrimer and its application to many areas of bioscience including drug delivery, immunology and the development of vaccines, antimicrobials and antivirals \[[@CR56], [@CR57]\].

The dendrimers are the members of a versatile, new class of polymer architectures, dendritic polymers after traditional linear, cross-linked, and branched types as shown in Fig. [6](#Fig6){ref-type="fig"} and Fig. [7](#Fig7){ref-type="fig"}. The dendrimer type of bio-reducible polymer for efficient gene delivery had been also investigated \[[@CR58]\]. Fig. 6The schematic design of divergent synthesis of dendrimers for drug deliveryFig. 7The chemical structures of dendrimer and dendron for drug delivery

### Biodegradable and bio-absorbable polymers {#Sec14}

Bio-absorbable drug delivery systems are a better choice for the application of drug carriers where only the temporary presence of the implant is needed \[[@CR59]\]. Among the synthetic and biodegradable polymers, aliphatic polyesters such as poly (glycolic acid), poly (lactic acid), poly (caprolactone) and polydioxanone, are most commonly used and applied to drug delivery systems. As shown in Fig. [8](#Fig8){ref-type="fig"}, the several classes of polymers such as poly (esters), poly (ortho esters), polyanhydrides, and biodegradable polycarbonates have also been introduced as potential implant materials for drug delivery \[[@CR60]--[@CR62]\]. Fig. 8Biodegradable polymers with representative monomer units for polymeric drug delivery

Biodegradable polymers commonly used include the *α*-hydroxy acids, polyanhydrides, poly (amides), poly (ester amides), poly (phosphoesters), poly (alkyl cyanoacrylates), poly (hyarulonic acids) and natural sugars such as chitosan, in addition to many other types of degradable polymers as shown in Fig. [7](#Fig7){ref-type="fig"} Synthetic biodegradable polymers are favored in drug delivery systems, as they have immunogenicity as compared to biodegradable polymers from natural polymers \[[@CR63]--[@CR65]\].

Polymeric drug delivery systems {#Sec15}
-------------------------------

### Targeting polymeric drug delivery {#Sec16}

The therapeutic targeting of biomimetic chitosan-PEG-folate-complexed oncolytic adenovirus has examined for active and systematic cancer gene therapy \[[@CR66]\]. The oncolytic adenovirus coated with multi-degradable bio-reducible core-cross-linked poly (ethyleneimine) for cancer gene therapy had been also applied \[[@CR67]\]. Hepatoma targeting peptide conjugated bio-reducible polymer complexed with oncolytic adenovirus for cancer gene therapy were investigated \[[@CR68]\]. Despite considerable advances in tumor-targeting technologies, the lack of selectivity towards tumor cells is still the primary limitation of current cancer therapies. A novel strategy for targeted drug delivery to cancer cells had developed through the formation of a physical conjugate between doxorubicin (Dox) and the A10 RNA aptamer that binds to the prostate-specific membrane antigen (PSMA) \[[@CR69]\].

The effective polymers have designed specifically for gene delivery, and much has learned about their structure--function relationships. With the growing understanding of polymer gene-delivery mechanisms and continued efforts of creative polymer scientists, it is likely that polymer-based gene-delivery systems will become an important tool for human gene therapy \[[@CR70]\].

Nanoparticle-based therapeutics in lung cancer is an emerging area and covers the diagnosis, screening, imaging, and treatment of primary and metastatic lung tumors. Innovative engineering on polymeric nano-carriers allows multiple anticancer drugs and gene delivery to site-specific targets \[[@CR71]\]. The targeted drug delivery and gene therapy through natural biodegradable nanoparticles is an area of major interest in the field of nanotechnology and pharmaceuticals \[[@CR72]\].

### Biomimetic and bio-inspired polymers {#Sec17}

The biomimetic and bioinspired systems improve biocompatibility during drug delivery application. The success of such a drug delivery system depends on parameters like shape, surface, texture, movement, and preparation methods. The systems have great influence on the biological systems owing to their less toxicity, high biocompatibility, significant interaction, and so on \[[@CR73]--[@CR75]\]. The novel developments of dendritic polymers based targeting nanoscale drug delivery vehicles described here provide great potential to achieve better therapeutic indexes in cancer therapy as well as low side effect \[[@CR76]--[@CR78]\]. Although synthetic drug carriers have developed for many applications, it remains important to examine natural particulates, which range from pathogens to mammalian cell's mechanisms. Biocompatible polymeric nanoparticles are considerably promising carrier candidates in delivery of drugs and genes because of their unique chemical and physical properties \[[@CR79], [@CR80]\].

### Drug-free macromolecular therapeutics {#Sec18}

Drug-free macromolecular therapeutics induce apoptosis of malignant cells by the crosslinking of surface non-internalizing receptors. The receptor crosslinking has mediated by the bio-recognition of high-fidelity natural binding motifs. Those have grafted to the side chains of polymers or attached to targeting moieties against cell receptors. This approach features the absence of low-molecular-weight cytotoxic compounds. Macromolecular therapeutics, also referred to as polymeric nano-medicines, are a diverse group of drugs characterized by their large molecular weight (MW), including polymer-drug conjugates, polymeric micelles, and polymer-modified liposomes \[[@CR81]--[@CR83]\].

Polymeric gene delivery systems {#Sec19}
-------------------------------

Gene therapy is a promising new technique for treating cancer and.

genetic disorders by introducing foreign genomic materials into host cells to elicit a therapeutic benefit. The gene therapy has a potential in treating many diseases such as infectious disease and immune system disorders. The efficient delivery of therapeutic gene to target a cell is the most important step in gene therapy \[[@CR84], [@CR85]\]. Successful gene therapy is thus dependent on the development of an efficient delivery vector. There are non-viral vectors and viral vectors for gene delivery \[[@CR86]\]. Pulmonary drug and gene delivery to the lung represents a non-invasive avenue for local and systemic therapies. Nano-sized particles offer novel concepts for the development of optimized therapeutic tools in pulmonary research. Polymeric nano-carriers are generally preferred as controlled pulmonary delivery systems due to prolonged retention in the lung \[[@CR87]\].

### Non-viral vectors for gene delivery {#Sec20}

#### Polyethylenimine derivatives {#FPar1}

Polyethylenimine (PEI) is a class of cationic polymers proven to effect for gene delivery \[[@CR88]\]. Branched poly (ethylenimine)(PEI) 25 kDa is an efficient gene delivery vector with outstanding gene condensation ability and great endosome escape activity \[[@CR89]\]. A bio-reducible polyethylene-imine (PEI (−s-s-)) was derived from low molecular weight PEI (1.8 kDa) for efficient gene delivery. The bio-reducible core molecules have expected to increase molecular weights and reduce the cytotoxicity of the copolymers. PEI (−s-s-) polyplexes showed higher transfection efficiency and lower cytotoxicity compared to branched PEI 25 kDa, Lipofectamine® 2000. In addition, PEI (−s-s-) derivatives (16 kDa) had formed stable polyplexes with a zeta-potential value of + 34 mV and the size of polyplex 61 nm \[[@CR90]\]. The cytotoxicity of polyethylenimine (PEI) is a dominating obstacle to its application. Polyethylenimine (PEI) is a well-known cationic polymer, which has high transfection efficiency owing to its buffering capacity. It has reported that PEI is cytotoxic in many cell lines and non-degradable. In order to solve the problems, the polyethylenimine copolymers have introduced firstly in gene delivery systems \[[@CR91]\].

### Polyethylenimine copolymers {#Sec21}

The introduction of poly (ethylene glycol) (PEG) blocks to PEI is one of the.

strategies to alleviate the cytotoxocity of PEI. However, it has well known that the transfection efficiency of PEGylated PEI has decreased to some extent compared to the corresponding PEI. Novel ABA triblock copolymers consisting of low molecular weight linear polyethylenimine (PEI) as the A block and poly (ethylene glycol) (PEG) as the B block were prepared and evaluated as polymeric transfectant. The PEI-PEG-PEI triblock copolymers displayed also an improved safety profile in comparison with high molecular weight PEIs. The linear PEI-PEG-PEI triblock copolymers are an attractive novel class of non-viral gene delivery systems \[[@CR92]\].

Polyethylenimine-*alt*-poly (ethylene glycol) copolymers had been synthesized for an ideal gene carrier both safety and transfection efficiency. The copolymers were complexed with plasmid DNA. The resulting complexes exhibited no cytotoxic effects on cells even at high copolymer concentration. It's transfection efficiency was influenced by poly (ethylene glycol)(PEG) molecular weight. The transfection efficiency was higher than that for PEI 25 K in HepG2 and MG63, whereas it was lower than that for PEI 25 K in HeLa cells \[[@CR93]\].

Aiming to prepare a biodegradable gene vector with high transfection efficiency and low cytotoxicity, it had conjugated low molecular weight (LMW) PEIs to the biodegradable backbone polyglutamic acids derivative (PEG-b-PBLG) by aminolysis to form PEIs combined PEG-*b*-PLG-*g*-PEIs \[[@CR94]\]. A series of tri-block co-polymers, PEG-*g*-PEI-*g*-poly (dimethylaminoethyl L-glutamine) (PEG-*g*-PEI-*g*-PDMAEG), as novel vectors for gene therapy was synthesized and evaluated \[[@CR95]\]. The synthesized PEG-g-PEI-g-PDMAEG tri-block copolymers are promising candidates as non-viral carriers for gene delivery.

#### Polyethylenimine conjugated bio-reducible polymers {#FPar2}

In order to introduce the disulfide bond between poly (cystamine-*bis*- (acrylamide) diaminohexane) \[poly (CBA-DAH)\] and PEI 1.8 kDa, Traut's reagent were used to synthesize the products \[[@CR96]\]. Poly (CBA-DAH)-PEI can be confirmed its potential as a gene delivery carrier. For the identification of the products, the proton peaks of poly (CBA-DAH) and PEI were shifted downfield due to steric hindrance caused by the conjugation between P (CBA-DAH) and PEI. In addition, the conjugation ratio of PEI to the PCDP has been calculated by the ratio of the integration of the proton spectra peaks in poly (CBA-DAH)(−NCH~2~CH~2~CH~2~CH~2~-CH~2~CH~2~NH~2~) and CH~2~ of PEI. Poly (ethylenimine) (PEI, 1.8 kDa) was conjugated to poly (CBA-DAH) via a disulfide bond. The PEI conjugated poly (CBA-DAH)\[PCDP\] was able to bind with pDNA at a very low molecular weight ratio and form the polyplexes with nano-size and positive surface charge.

The PCDP polyplexes show 10 times higher gene transfection efficiency than Lipofectamine® polyplexes in bio-mimic in vivo condition. The bio-reducible PEI (1.8 kDa) conjugated poly (CBA-DAH) is finally concluded as an efficient polymeric gene delivery carrier \[[@CR97], [@CR98]\]. It has been concluded that the PEI(1.8 kDa)-PCDP synthesized in our laboratory is one of the good candidates as mRNA, siRNA, and pDNA carriers for efficient gene delivery systems \[[@CR99]\]. Outstanding representatives of bio-polymers that have emerged over the last decade to be used in gene therapy are synthetic bio-reducible polymers such as poly([l]{.smallcaps}-lysine), poly([l]{.smallcaps}-ornithine), linear and branched polyethyleneimine, diethyl-aminoethyl-dextran, poly (amidoamine) dendrimers, and poly (dimethyl-aminoethyl methacrylate) \[[@CR100]\].

### Viral vectors for polymeric gene delivery {#Sec22}

Viral vectors not only have the ability to effectively infect cells, but also transfer DNA to the host without causing an immune response. Viral vectors have designed to be safe by making them incapable of replication. Gene transferred by viral vector has dominated the clinical trials in gene therapy, because they are more efficient than physicochemical methods \[[@CR101]\]. Viral vectors have divided into two types, which are integrating and non-integrating viral vectors. Integrated viral vectors have integrated into the human genome, including adeno-associated virus and retroviral vectors; non-integrating vectors, like adenoviral vectors. They remain in the nucleus without having integrated into the chromosomal DNA and RNA. Gene delivery systems for gene therapy provide a great opportunity for treating diseases from genetic disorders, cancer, and other infections. The recent development of gene delivery system has reviewed for viral delivery systems and non-viral delivery systems \[[@CR102]\].

#### DNA conjugates {#FPar3}

Gene therapy is a promising new technique for treating many serious incurable diseases such as cancer and genetic disorders. The main problem limiting the application of this strategy in vivo is the difficulty of transporting large, fragile and negatively charged molecules like DNA into the nucleus of the cell without degradation \[[@CR103]\]. The gene therapy of DNA conjugate is as a new promising technique used to treat many incurable diseases and the different strategies used to transfer DNA, taking into account that introducing DNA into the cell nucleus without degradation. It is essential for the success of this therapeutic technique.

The use of DNA as a drug is both appealing and simple in concept. In many instances, the feasibility of such an approach has been established using model systems. In practical terms, the delivery of DNA to human tissues presents a wide variety of problems that differ with each potential therapeutic application \[[@CR104]\]. The challenge for the therapeutic use of viral vectors is to achieve efficient and often extended expression of the exogenous gene while evading the host defenses. Recent engineering of modified viral vectors has contributed to improved gene delivery efficacy \[[@CR105]\]. The design of polymeric nanoparticles for gene therapy requires engineering of polymer structure to overcome multiple barriers, including prolonged colloidal stability during formulation and application. Poly(β-amino ester) s have been shown effective as polymeric vectors for intracellular DNA delivery \[[@CR106]\].

#### RNA conjugates {#FPar4}

Most of the current methods for programmable RNA drug therapies are unsuitable for the clinic due to low uptake efficiency and high cytotoxicity. RNA therapeutics including small-interfering RNAs (siRNAs), antisense oligonucleotides (ASOs), and CRISPR--Cas9 genome editing guide RNAs (gRNAs) are emerging modalities for programmable therapies that target the diseased human genome with high specificity and great flexibility \[[@CR107]\]. RNA interference (RNAi) mediated gene silencing holds significant promises in gene therapy. A major obstacle to efficient RNAi is the systemic delivery of the therapeutic RNAs into the cyto-plasma without having trapped in intracellular endo-lysosomes \[[@CR108]\].

RNA interference (RNAi) has been proven to be an useful approach to treat various genetic diseases. It can down-regulate specific protein expression by silencing the activity of its targeted gene \[[@CR109], [@CR110]\]. RDG could tightly condense shRNAs into stable complex nanoparticles. The RDG/shRNA nanoparticle had found to be highly selective in targeting the U-87 MG-GFP cells with over-expressed αvβ3 integrins via receptor-mediated endocytosis. The RDG/shRNA complex, which combines RGD-mediated active targeting and glutathione-triggered intracellular release and low cytotoxicity, appears to be a highly promising non-viral vector for efficient RNA delivery and therapy \[[@CR111], [@CR112]\]. Exosomes, unlike other vectors for gene delivery, present unique advantages such that exosomes are a cell-free natural system for ferrying RNA between cells, robust exosomal membrane can protect the RNA/gene of interest from digestion, and exosomes are rapidly taken up by target cells making them a more efficient vehicle for gene delivery \[[@CR113]\]. Delivery of these miRNA molecule enriched-exosomes subsequently results in highly efficient overexpression or deletion of the designated miRNAs in the recipient cells both in vivo and in vitro \[[@CR114]\].

Conclusion and future prospects {#Sec23}
===============================

The development of drug delivery carriers based on natural and synthetic polymers are rapidly emerging field. It takes advantages of the remarkable delivery mechanism, which has used by pathogens and mammalian cells, such as selective targeting and prolonged circulation by evasion of the immune systems. The biomimetic and bio-inspired systems have a bright future ahead with a lot of potentials to solve any obstacles encountered in polymeric drug delivery. The fruitful progress will have made in the application of biocompatible and bio-related copolymers and dendrimers to cancer treatment, including their use as delivery systems for potent anti-cancer drugs such as *cis*-platin and doxorubicin. The unique properties of dendrimers such as their high degree of branching, multi-valence, globular architecture, and well-defined molecular weight make them promising new scaffolds for polymeric drug delivery systems.

The micro-processes that are required for the development of such carriers, such as genetic engineering or in vivo treatments to incorporate therapeutic substances, make it difficult to maintain the integrity of natural and synthetic polymers with cells in a body. The gap between synthetic and biological systems has traditionally been very large. Recent advances in the synthesis of novel biomaterials and understanding of biological systems have paved the way towards bridging this gap. Polymeric drug delivery carriers that have based on pathogens such as bacteria and viruses are potentially immunogenicity for human body. A certain degree of immunogenicity can be ideal if pathogen-based carriers have intended for vaccine delivery, owing to their adjuvant ability. Combining perspectives from the synthetic and biological fields will provide a new paradigm for the design of polymeric drug delivery systems in near future.
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